Background: Physical activity (PA) remains the primary behavioral outcome associated with school recess, while many other potentially relevant indicators of recess remain unexamined. Few studies have assessed observations of teacher/student interactions, peer conflict, social interactions, or safety within the recess environment. Furthermore, a psychometrically-sound instrument does not exist to examine safety, resources, student engagement, adult engagement, pro-social/anti-social behavior, and student empowerment on the playground. The purpose of the current study was to develop a valid, and reliable, assessment tool intended for use in measurement of the contextual factors associated with recess. Methods: An iterative and multi-step process was used to develop a tool that measures safety and structure, adult engagement and supervision, student behaviors, and transitions at recess. Exploratory structural equation modeling (Mplus v. 7.4) was used to examine the underlying measurement model with observational data of the recess environment collected at 649 school-based recess periods that spanned across 22 urban/metropolitan areas in the USA. Data were also collected by two researchers at 162 recess sessions across 9 schools to examine reliability. Results: A 17-item observation instrument, the Great Recess Framework -Observational Tool (GRF-OT), was created. Findings of exploratory structural equation modeling (ESEM) analyses supported factorial validity for a 4-factor solution and linear regressions established convergent validity where 'structure and safety', 'adult engagement and supervision', and 'student behaviors' were all significantly related to observed activity levels. Each sub-scale of the GRF-OT showed adequate levels of inter-rater reliability and test-retest reliability analysis indicated a higher level of stability for the GRF-OT when using a three-day average across two time points as compared to a two-day average. Conclusions: Initial evidence for a valid, and reliable, assessment tool to observationally measure the recess environment with a specific focus on safety, resources, student engagement, adult engagement, pro-social/anti-social behavior, and student empowerment was established in this study. Use of the GRF-OT can inspire evaluation, and subsequent intervention, to strategically create consistent, appropriate, and engaging school recess that impact children's physical, cognitive, social and emotional development.
Background
Over the past decade, much attention has been paid to school-based recess and the implications of recess on child development. In 2013, the American Academy of Pediatrics released a policy statement citing the crucial role of recess within schools [1] . Authors of the policy statement presented evidence to suggest that recess provides cognitive and academic benefits, social and emotional benefits, and physical benefits to the child. More recently, the United States (U.S.) Centers for Disease Control (CDC) and SHAPE America [2] released evidence-based guidelines for recess strategies citing many of the same academic, social, emotional, and physical benefits recess can have on students. Within these guidelines, strategies to help facilitate positive outcomes included: (a) leadership decisions in which recess plans are developed, space is designated, and adults are properly trained; (b) communicating and enforcing behavioral and safety expectations such as communication and conflict resolution skills; (c) creating an environment that is supportive of physical activity by ensuring, among other things, that proper space and equipment is available; (d) engaging the school community to support recess; and (e) collecting data on the recess environment and potential outcomes that recess may affect (e.g., student and school outcomes). Thus, stakeholders have identified a high-quality recess as one that includes planning, structure, access to space and equipment, positive student behaviors, trained adult staff, and high levels of physical activity (PA). However, to date, there is a lack of assessment tools to measure the context of recess that might support positive child development beyond levels of physical activity.
In considering the possible benefits associated with recess, the majority of research findings, specifically within the public health domain, have focused on recess as instrumental to achieving PA related goals. Research findings within this domain have consistently shown that recess provides a needed contribution to children's levels of PA during the school day [3] [4] [5] . Specifically, a RWJF report [5] stated that recess accounted for 42% of children's opportunities to be physically active in school, while Erwin et al. [3] , reported that recess accounted for up to 44% of step counts during the school day. These data should not be overlooked, as children spend approximately 40% of their waking hours at school [4] and 60% of school districts have no formal recess policy [6] . Moreover, only 22% of school districts in the U.S. require daily recess for elementary school students, with less than half of these requiring at least 20 min of recess per day. Given the PA benefits, recess has also been implicated as a potential contributor to children's cognitive and academic development. This argument is predominantly made by those showing links between PA and health to cognitive and academic performance. For example, results from various studies and meta-analyses have highlighted that higher-fit children outperformed their lower-fit counterparts in laboratory measures of inhibition [7, 8] , working memory [9] , and overall cognitive functioning [10, 11] . Additional studies have also demonstrated body mass index and levels of inflammation are inversely related to various measures of cognitive performance [12, 13] . School-specific data have suggested that school-based PA interventions have the ability to positively affect academic performance [14, 15] , with additional evidence to support a dose-response relationship [16] . Despite this, very limited evidence specific to increased PA through recess has shown a beneficial impact on academic well-being and classroom behavior [17, 18] .
Aside from physical and cognitive benefits, it has been proposed that participation in play can help facilitate the development of social and emotional skills such as cooperative goal setting, teamwork, and emotional regulation [19] . Naturally, these ideas have been transposed into the recess environment. Proponents of these ideas have suggested that participation in physically active games during recess is positively associated with prosocial behaviors such as the ability to develop peer relationships, sharing, problem solving, and conflict resolution [20] . However, recent experimental data show a null effect on social skills competency following recess intervention programs [21, 22] . In considering prosocial behaviors and social skill development through recess, Left and colleagues [23] reported that the presence of organized games was predictive of higher levels of cooperative and intercultural play, and therefore might be an important mechanism for promoting social development through recess experiences. Thus, in considering the potential benefits of recess, the quality of the environment likely shapes how an individual experiences recess, and is likely to affect outcomes associated with participation in school-based recess.
In light of considering the contextual variables associated with recess, available data suggests that aside from potential benefits, recess is a place where violent and anti-social behavior can occur [24] , and that some elementary school students view the playground as an unsafe space [25] . In a large survey of third through fifth grade students, Glew et al. [26] reported that the playground is the most likely place for bullying to occur at school, and that those involved (bullies, victims, bully-victims) had higher odds of feeling unsafe and sad at school. Moreover, victims and bully-victims had higher odds of low academic achievement and lack of belonging at school than bystanders. If the playground environment is one in which bullying and anti-social behaviors occur, it becomes difficult to make the claim that this environment inherently contributes to social, emotional, and cognitive health. Altogether, recess has been shown to promote PA, and PA has been linked to cognitive, social, emotional, and physical benefits; yet the context (environmental, social, etc) of recess likely plays a mediating role as to whether or not recess is beneficial to children's health. Given this collective premise, and in line with recommendations from the CDC and SHAPE America noted above [2] , a need exists to measure the recess environment beyond PA levels.
To date, PA remains the primary outcome associated with recess, while ignoring other indicators inherent in the strategies released by the CDC and SHAPE America [2] . There remains a specific need to better understand environmental factors associated with recess, how students interact and communicate during recess, how conflict is managed during recess, the overall safety of the environment, and the role adults play in this process. Limited studies have assessed observed behaviors such as teacher/student interactions and peer conflict [18] , or social interactions at recess [27] , however no validated instrument exists to examine the recess environment, student behavior, and levels of adult engagement. The most common observational instruments cited in the literature appear to be the system for observing children's activity and relationships during play (SOCARP) [27] and the system for observing play and leisure activity in youth (SOPLAY) [28] . These tools, however, are reliant on time sampling techniques that observe one child at a time and likely miss out on larger environmental influences. Others have created observational and coding schemes specific to study aims [18, 21, 23] , however these do not allow for scalable research efforts. The purpose of the current study was to develop a valid, and reliable, assessment tool intended for use in measurement of the contextual factors and behaviors associated with recess. Within this, there was a specific focus on safety, resources, student engagement, adult engagement, pro-social/anti-social behavior, and student empowerment.
Methods
An iterative and multi-step approach was taken to meet the purpose of the current study. Prior to formal data collection, item development took place over an extended period of time using multiple expert working groups. This process resulted in Great Recess Framework -Observational Tool (GRF-OT) to measure the context in which recess takes place and the behaviors that manifest within this context. The measurement model of the GRF-OT was then tested, followed by reliability and stability testing of the tool. The methods and procedures used to accomplish these goals are described below.
Item development
The GRF-OT was developed over several iterations with the use of expert working groups and field testing driven by Playworks Education Energized (www.playworks.org). During the first iteration, a national team of recess researchers and practitioners developed a series of indicators thought to support physical activity and positive social development during recess. These indicators were derived from previous research [20, 29] as well as decades of professional practice. This team included three Playworks program directors, two Playworks Pro Trainers, the Playworks National Evaluation Director and the National Director of Quality Programs, along with input from researchers working in this area see [20, 29] . The initial items were then field tested by Playworks 1 program directors at recess sessions across the United States. A second working group of four different Playworks program directors, two different Playworks Pro Trainers, and the Playworks National Evaluation Director and the National Director of Quality was developed to improve these processes, as users felt the initial items were not user friendly and did not follow a logical pattern for observation. Based on this groups experiences working in the field, higher order domains of safety, engagement, and empowerment were identified, with items corresponding to each of these domains subsequently created by this team. These items were then placed on a 3-point scale and sent to an external researcher with publications in this area for critical review and modifications i.e., [29] . This scale was piloted prior to being sent to a second group of external researchers [WVM, MBS] for critical review and further modifications. At this point, the items on the GRF-OT were moved from a 3-point to a 4-point response scale. Items were also modified for operational definition clarity and ease of use. The results of these processes can be found in the 24-item version of the GRF-OT (see Additional file 1).
Procedures
Recess is often defined, and implemented, differently across various sectors but generally refers to discretionary breaks children have during the school day. For the purposes of the current study, recess observations took place during scheduled recess breaks immediately before or after the lunch period, typically lasting 15-30 min in duration. Schools maintained variable schedules, with some schools sending groups of students outside all at once, while others rotated the sessions with different children and different supervisors (e.g., only first through third graders at recess one, followed by only fourth and fifth graders at recess two). Outcome assessors arrived to the outdoor playground approximately 15 min before the scheduled recess session to complete a walkthrough of the playground and take any notes about the built environment. Outcome assessors then observed the entire recess session, taking notes on each item throughout the process. In all cases, the recess environment was completely visible to the outcome assessor, and outcome assessors were trained to move throughout the playground in a discreet manner in an effort to observe patterns of interaction and behavior. Final scoring of each item was completed immediately after the recess session and took into account the aggregate patterns of behavior throughout the duration of the recess session.
Validity
To test the measurement validity of the GRF-OT, data were collected at 649 individual school-based recess periods during the fall of 2016. These recess sessions spanned 495 schools across 22 urban, or metropolitan, areas in the United States of America. A list of data collection locations are available upon request.
Reliability
Eight graduate students were recruited as outcome assessors. These outcome assessors had no prior experience with observational data collection of recess, facilitation of school-based recess, or teaching in an elementary school. Thus, outcome assessors were novices related to schoolbased recess observational assessment. Outcome assessors were introduced to the items on the GRF-OT, the operational definitions, and trained in the scoring procedures. Each item was discussed in a series of workshops that allowed the outcome assessors to ask clarifying questions regarding scoring procedures. After initial discussions of each GRF-OT item, outcome assessors were instructed to read through a GRF-OT scoring manual that was created by the lead investigator. This training manual included each GRF-OT item, operational definitions, and examples for each item, scoring criteria for each item, as well as corresponding photos and videos to enhance the training process. Pilot observations were then conducted, followed by debriefing sessions to ensure clarity in the scoring instructions. Pilot data were not used in any analyses.
Data were then collected by two independent outcome assessors, blinded to one another's scores, at 162 recess sessions. To ensure blinding of scores, data were entered by an independent staff member uninvolved in data collection. The 162 recess sessions took place across 9 schools, and data were collected at each school over a two-week period. In total, first grade students were observed in 47 sessions, second grade students in 52 sessions, third grade students in 51 sessions, fourth grade students in 52 sessions, fifth grade students in 52 sessions, and sixth grade students in 23 sessions.
Data analysis Validity
To examine the measurement model of the GRF-OT, exploratory structural equation modeling (ESEM) was used in MPlus version 7.4 [30] . In consideration of alternative data analysis strategies, exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) were ruled out as an appopriate choice as EFA structures are often not supported by subsequent CFA [31] , and CFA does not inherently permit correlated variance structures (i.e., conceptual overlap between similar items). Given that CFA requires each item to load on only one factor, statisticians [32] have offered ESEM as a more flexible and realistic approach to utilise in model development. Moreoever, inter-related constructs are consistent with the authors' a priori conceptualization of recess domains, as safety, engagement, and student empowerment at recess are theorized to be inter-related constructs. By using the ESEM method, items were free to cross-load on multiple factors, rotation of the factor matrix was possible, and the researchers were able to calculate goodness of fit statistics typically associated with CFA [33, 34] . Additionally, this procedure allows for step-wise evaluation of the GRF-OT using multiple statistical criteria.
Decisions about the most appropriate model were made using the Chi Square (χ 2 ) statistic, the Root Mean Square Error of Approximation (RMSEA), the Comparative Fit Index (CFI), the Tucker Lewis Index (TLI), and the Standard Root Mean Square Residual (SRMR). Generally, χ 2 should have a non-significant value (p > .05, indicating model-to-data fit). However, the meaningfulness of this "absolute criterion" has been greatly debated, as it is sensitive to sample size and model complexity. Psychometricians have therefore recommended the use of multiple fit indices to be included in model evaluation process. Values at or above .95 for CFI and TLI, and values < .08 for SRMR and RMSEA have be used to indicate acceptable model fit, whereas values ≥ .98 and < .06 are preferred, respectively [35, 36] . There are no gold standards in model evaluation, but a conservative stance was adopted at this early stage of model development.
Reliability
To examine the reliability of the GRF-OT, weighted Kappa scores were calculated to examine the relative consistency of scoring between outcome assessors on each individual item. Kappa scores ranging from 0.8 to 1.0 are considered excellent agreement; scores ranging from 0.6-0.79 are considered good agreement; scores ranging from 0.4-0.59 are considered moderate agreement; scores ranging from 0.2-0.39 are considered fair agreement, and scores below 0.2 are considered poor agreement. In addition to individual item reliability, the inter-rater reliability of each sub-scale identified in the ESEM analysis, as well as the total GRF-OT, was examined by calculating an intra-class correlation coefficient (ICC) using a 2-way random effects model.
In addition to this inter-rater reliability, the test-retest reliability of the GRF-OT was examined. Data were averaged across three recess sessions in one week, and compared to data averaged across three recess sessions for the same school, and same time period, the following week. An ICC using a 2-way random effects model was used to compare the three day average in week one against the three day average in week two. The procedure was then replicated by computing a two-day average in week one (day 1 and day 2) and comparing that to a two-day average from week two (day 4 and day 5). A minimal detectable change (MDC) was calculated for both the two-day and the three-day average. The MDC is a practically important data point that allows users to assess actual change in recess, as opposed to expectated variability. The MDC is thought the be the change needed to ensure the recess climate is different than a previous observation. The following formula was used to calculate the MDC at a 95% confidence rate: 
Results

Validity
Prior to examination of the measurement validity of the GRF-OT, all data were screened to examine item frequencies and the distribution of scores. Four items were removed prior to conducting ESEM. Two items were removed as these were conditional items on the GRF-OT (see questions 16 and 18 in Additional file 1). An additional two items were removed as these items were insensitive to the range of scores (i.e., the items were given a score of "1" less than two times across the entire sample; see questions 3 and 11 in Additional file 1). The remaining items were retained and used in analysis. A preliminary analysis was conducted examining models that ranged from 2-factor to 6-factor solutions. This analysis suggested a four-factor model was most suitable for the data. After examining the individual item loadings on each factor, items 6, 12, and 13 had not loaded on any specific latent variable and were subsequently removed from factor analysis. An additional 2-through-6-factor solution ESEM analysis was then conducted which again suggested a 4-factor model as a suitable fit for the data (χ 2 = 202.02, p < .001; CFI = .984; TLI = .971; RMSEA = .052; SRSM = .031). Again, an individual item analysis was conducted and one item (item 9) had failed to load on any specific latent variable. Subsequent analyses indicated a similar model fit for a 4-factor solution (χ 2 = 188.72, p < .001; CFI = .984; TLI = .969; RMSEA = .056; SRSM = .031; Fig. 1 ). Given the importance given to levels of physical activity during recess, and that distinctness of item 13 in measuring physical activity, this item was retained to be included in the final observational tool. The final version of the observational tool can be found in Table 1 . Factor loadings for individual items can be found in Table 2 .
Following the results of the ESEM, a linear regression was calculated in which each of the four sub-scales were entered as independent variables, and original item 13 (engagement in physical activity and play) was entered as the dependent variable. The overall model was significant (p < .001). Convergent validity was supported, as structure and safety (p < .001, β = .272), adult engagement and supervision (p < .001, β = .246), and student behaviors (p = .024, β = .102) were all significantly related to observed activity levels.
Reliability
Results for inter-rater reliability of each item can be found in Table 2 . One item (Item 1) lacked variability across the sample, thus a weighted Kappa score was unable to be calculated. The lack of variability is likely due to environmental consistencies, as all data were collected within the same school district. In lieu of a weighted Results of the test-retest reliability analysis indicated a higher level of stability for the GRF-OT when using a three day average (ICC = .949, 95% CI, .882, .979) across two time points as compared to a two day average (ICC = .855, 95% CI, .710, .930). Notably, the MDC for a three day average was calculated at 4.62, while only using a two day averaged yielded an MDC of 7.79. Thus, researchers planning to use the GRF-OT to measure improvement of recess over time should consider a threeday average score as sufficient to reduce the variability seen across daily recess sessions.
Discussion
The purpose of the current study was to develop a valid, and reliable, assessment tool intended for use in measurement of the contextual factors associated with recess, and the behaviors that manifest within this context. Within this, were was a specific focus on safety, resources, student engagement, adult engagement, prosocial/anti-social behavior, and student empowerment. An evidence-informed, and psychometrically-sound, tool termed The Great Recess Framework -Observational Tool (GRF-OT) resulted from the data collection and analyses described in this paper.
Item development for the GRF-OT resulted in 17 items that each describe in short detail critical aspects of the recess environment with the particular area of focus noted above. Furthermore, we have provided reliability data for all initial items in the event school districts, practitioners, or evaluators find these items as relevant to their own evaluation efforts. Response formats for all items were according to a 1 (low quality) to 4 (high quality) rating of the particular focus and included succinct and distinct descriptions to anchor each possible score on the specific item. Subsequent thorough data collection and analyses revealed a four-factor measurement model and established measurement validity for the subscales including (1) structure and safety; (2) adult engagement and supervision; (3) student behaviors; and (4) transitions. Convergent validity was demonstrated in the significant associations of observed activity levels and the subscales of 'structure and safety' , 'adult engagement and supervision' , and 'student behaviors'. Adequate levels of inter-rater reliability were found for all items, each of the four subscales and the entire GRF-OT. These findings create evidence of strong levels of consistency and agreement among raters across all items, scales and for the total tool. Last, examination of the stability of the GRF-OT revealed results that suggest three-day average of the scores indicate higher levels than twoday averages. Ultimately, these findings indicate that evaluation of a minimum of three days of recess best describe, in terms of stability, the features a specific recess environment.
Previous research shows school-based recess provides significant opportunity for, and accrual of, PA among children; thus contributing to physical health benefits [3] [4] [5] . Given this, it is not surprising that evaluations of recess have relied on examining self-reported, observed, or objective PA levels as a proxy measure for recess quality. Notably, to date, 'success' at recess has been a measure of how moderate-to-vigorously active children are during this time period, with the assumption that this level of activity can yield physical, cognitive, social, and emotional health benefits beyond the playground. Yet, if children are active in an unsafe environment that is prone to bullying, fighting, and lack of adult engagement, it would be naïve to assume this time period contributes to the holistic development of children, as recent policy articles might suggest [2] . A more holistic form of evaluation of the recess environment is therefore warranted. Furthermore, the acknowledgment that recess has implications for social, emotional, and cognitive health [2] , should prompt the need for evaluation that considers contextual factors, student behaviors, and adult interactions during recess. Previous research has shown that access to equipment [37] , levels of cooperative play [23] , adult engagement and interactions [18] , and conflict resolution skills [20, 29] are important to promoting a quality recess. While currently available assessment tools that examine child-level interactions are limited by time sampling methods that hone in on specifically targeted children, the GRF-OT provides researchers and practitioners with an opportunity to evaluate the overall environment and the nature of interactions that take place within it. As school-based recess remains at the forefront of policy discussions and decisions, there is a need to consider the quality of this environment for children in schools. The initiative forwarded by the CDC and SHAPE America [2] to develop evidence-based strategies for recess in schools should be assessed in a consistent manner inclusive of observed behaviors such as teacher/student interactions, peer conflict and safety at recess. The development of the GRF-OT is an important step in filling this evaluation gap currently identified within the extant literature.
Limitations and directions for future research
The current study established the initial evidence for a valid and reliable assessment tool to measure the recess environment with a specific focus on safety and structure, adult supervision and engagement, student behaviors (communication, inter-personal interactions, conflict resolutions), and transitions to and from the recess environment. Despite its strengths, the current study is also not without limitations. First, it is important to note that the current evaluation framework represents an adult view of recess quality, which could likely differ from that of a child. Researchers in the field of public health have been examining the utility or instrumentality of children's play, whereas children often view play as an end in and of itself [38] . Furthermore, item SB 4 gives a lower score when arguments arise around rules and game play, a process that might be a healthy part of negotiating play for children. Thus, future researcher may consider building on children's perspectives of what is important for children during recess [39] . Second, to support a national data collection in examination of the measurement model of the GRF-OT, the research team partnered with Playworks to collect data from a wider range of schools and sources. As such, a majority of the validity data came from recess periods with a formal recess program, or intervention, in place. Additionally, the reliability data used in the current study was limited to one geographical region -a large urban public school district. Thus, there could have been environmental nuances, as well as policies and procedures that were germane to this region, but may differ when data is collected in various rural or other metropolitan areas. Specific to reliability, four items produced only moderate levels of agreement (SS 5, AES 4, SB 4, physical activity levels) prompting a need to more clearly define these items in training observers for data collection. The current study also does not address the inter-rater reliability between expert and novice users, a concern that needs to be addressed in future research. Finally, there is a need to establish construct validity of the GRF-OT using independent measures associated with recess. Researchers should examine relationships between the GRF-OT and objective levels of PA at recess, levels of student engagement at recess, and perceptions of student and adult safety at recess to further validate the existing tool.
Conclusions
As efforts to understand the impact of school-based recess move beyond a focus on the PA-related aspects, children's social, and emotional, development have emerged as relevant outcomes. Findings from extant research consistently suggest that the recess environment is conducive to facilitating positive growth in children's emotional control, teamwork, cooperation, goal-setting, peer relationships, sharing, problem solving and conflict resolution [19, 20] . Yet for the benefits of recess to be fully realized contextual variables, student behavior, and adult interactions must be considered alongside PA in the evaluation of future research.
Endnotes tool; ICC: Intra-class correlation; PA: Physical activity; RMSEA: Root mean square error of approximation; SRMR: Standard root mean square residual; TLI: Tucker lewis index
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